OBJECTIVE: To investigate whether body mass index (BMI) is related to energy intake during pregnancy, and whether BMI, energy intake and other factors are related to net weight gain. DESIGN: Longitudinal, duration of pregnancy. SUBJECTS: 156 healthy pregnant women residing in Quedlinburg county, Germany. METHODS: Weighed 7 d food records and standardized anthropometric measures in the ®rst, second and third trimester. The analysis of variance (ANOVA) statistical technique was used to analyze differences in energy intake, net weight gain and birthweight across BMI groups, and the Cochran-Mantel Haenszel test was used to analyze food group intake by BMI group. RESULTS: Women at the highest level of BMI were signi®cantly less often in the high energy intake category than women at the medium or low level of BMI (15% vs 36% and 48%). Net weight gain during pregnancy was independently in¯uenced by BMI status and energy intake. Women at the highest level of BMI gained signi®cantly less weight (4.2 kg) from ®rst to third trimester than women at the medium or low levels of BMI (weight gains of 6.2 kg and 5.9 kg, respectively). Women with a low daily energy intake gained 4.6 kg during pregnancy, while women with medium and high energy intakes gained 6.0 kg and 6.1 kg, respectively. Examination of net weight gain simultaneously across BMI and parity groups revealed a much lower net weight gain among multigravid women at the highest BMI level (3.3 kg). Primigravid high BMI women, in contrast, gained 6.9 kg, whereas multigravid and primigravid women at medium and low BMI levels gained average of 4.8 kg and 6.5 kg, respectively. The mean birth weight in the three BMI groups did not differ and was not in¯uenced by age, marital status, education, parity or smoking. CONCLUSION: Because other studies have shown that weight gain during pregnancy increases the risk of subsequent overweight, multigravid high BMI women may prevent an increased weight retention after pregnancy due to lower weight gain in the current gestation. A lower caloric diet may help to accomplish a lower weight gain during pregnancy in overweight women without increased risk of low birth weight infants. These ®ndings indicate further investigation of the associations between BMI, parity and caloric intake during pregnancy are needed to increase understanding of factors affecting subsequent weight gain.
Introduction
To achieve optimal fetal growth women who are overweight may need to gain less weight during pregnancy than normal or underweight women. 1±4 A positive association between weight gain during pregnancy and weight retention or increase after pregnancy has been observed in many studies. 5±15 These ®ndings are re¯ected in the latest recommendations of the Institute of Medicine for weight gain during pregnancy 16 that recommend lower weight gain with increasing body mass index (BMI).
There is evidence that weight gain during pregnancy is positively associated with energy intake. 17±19 However, few studies have investigated the relationships between BMI, energy intake and net weight gain during pregnancy, simultaneously. Thus, this study investigates whether BMI is related to energy intake during pregnancy, and whether BMI, energy intake and other factors are associated with net weight gain during pregnancy using a data set derived from a larger study on dietary, anthropometric and socioeconomic risk factors for low birth weight outcome in a general population. 20 
Methods

Background and subject selection
The target population of this study consisted of all pregnant women residing in the county of Quedlinburg, a rural area with small industrial communities in the former German Democratic Republic (GDR). In the previous public health system of the GDR, all pregnant women were provided with health care at gynaecological departments of multidisciplinary outpatient clinics (polyclinics). In Quedlinburg county, all pregnant women were registered in the outpatient clinic of the district hospital and received regular prenatal care at monthly intervals.
From 1 July 1986 to 31 December 1987, 1021 pregnant women with a singleton pregnancy, no medical complications at ®rst clinic visit and onset of pregnancy less than 12 weeks before the ®rst prenatal visit, were recruited for a study of birth outcome determinants. The ®rst 203 consecutively recruited women were asked to record their diet for seven days during each trimester. All of the recruited women agreed to participate in the study.
Data collection
Nutritional and anthropometric data were collected at three time points during pregnancy: the 8th±12th week (®rst trimester measurement), the 22nd±26th week (second trimester) and the 34th±38th week (third trimester) of gestation. Information about socio-economic and health-related factors was collected during an initial interview in the ®rst trimester. Smoking history during pregnancy, education status, working conditions and marital status were veri®ed by the obstetricians after delivery. Parity, gender of the child, birth weight, placental weight and occurrence of oedema during this pregnancy (n 14; 7%) were recorded on the day of delivery.
Data were collected by two obstetricians, one of whom was specially trained for the dietary assessment and the other for the anthropometric measurements. Training for data collection was conducted by staff from the former Central Institute of Nutrition of the GDR. The Central Institute of Nutrition staff also reviewed all records and data ®les for completeness and data quality.
Anthropometry. Anthropometric measurements were performed in each trimester of pregnancy. Each participant's weight (wearing only underpants) was measured using a calibrated beam balance. Height was measured with an anthropometer. For each study participant BMI was calculated as weight (kg) divided by the square of height (m 2 ) based on values obtained during the ®rst trimester examination. Study participants were assigned to either the low (`20), medium (20±24), or high (b24) BMI group. The cut-off point of 24 for the high BMI group was chosen because the population consisted of 56% women aged`25 y where the recommended BMI is in the range of 19± 24. 21 In addition, because 11 women had a BMI between 24±25, this cut-off point balanced the numbers in the BMI groups for statistical analysis. Net weight gain from the ®rst to third trimester was calculated as the difference between the measured weight in the third trimester and the measured weight in the ®rst trimester, excluding the birth weight of the child and the weight of the placenta.
Demographic variables. Age was categorized into three groups (`22, 22±26 or b26 y). Parity was de®ned as primigravid (nulliparous) or multigravid (primiparous or multiparous). The participants' education level, the most important determinant of social status in the former GDR, was classi®ed as one of the three categories: (i) general school education only (either through 8th or 10th grade), (ii) vocational school degree or (iii) trade, medical school or university degree. Smoking status was categorized as non-smoker, smoked until pregnancy, or smoked during pregnancy.
Dietary intake. Dietary intake was estimated using a weighed 7 d food record. All food items prepared or eaten at home were weighed or measured by the participant and recorded using two methods: the precise amounts of foods in grams and milliliters were ®rst recorded in a 22 The dietary assessment instrument was developed speci®cally for the food supply available in the former GDR, which generally contained less variety than food supplies in Western European countries. Within each food category there was either one or a small number of food items available for consumption. For example, 98% of the fresh milk available in the former GDR contained 2.2% fat.
A food composition table specially compiled for the 62 food groups was used to convert food consumption into energy intake. 23 Energy values for each of the 62 food groups were weighted averages of the energy values of the individual foods within each group. The weights were derived from data on average intake amounts of individual foods within each food group compiled from previous food consumption surveys.
The daily mean intake of energy for the statistical analyses was estimated from three 7 d dietary records. Before combining the records across trimesters, the mean energy intake was calculated separately for each of the three trimesters within each BMI group. No statistically signi®cant differences in mean energy intake across the three trimesters were found for the three BMI groups using the analysis of variance (ANOVA) technique. After combining the three sets of 7 d dietary records energy intakes were classi®ed as high (b10 MJ/2400 kcal), medium (8.4 MJ/2000 kcal to 10 MJ/2400 kcal) and low (`8.4 MJ/2000 kcal) using tertiles.
Intakes of more general food groups were examined based on the 62 food group table. General food groups were formed to represent similar types of foods such as starchy foods, high fat foods, or sweets. These general food groups are listed in the Appendix.
In order to analyze whether differences in food group intakes were associated with level of BMI, general food group intakes were categorized using tertiles of consumption. Intake was de®ned as high when it was equal to or above the third tertile cut-off point. The ®rst and second tertile were collapsed into low and medium intakes.
Statistical analysis
The initial data set included 203 women with normal pregnancies. Forty-one of these participants were excluded because no anthropometric data were available. Of the remaining 162 women, six were identi®ed as`under-reporters' of dietary intake. 24 Under-reporting of dietary intake has been found primarily among the overweight and obese, and has been observed more frequently in women than in men. 25, 26 In this population, under-reporting was de®ned using two criteria: 1) estimated basal metabolic rate (BMR) 27 in the ®rst trimester divided by energy intake of less than 1.1 (Ref. 28 ) in each of the three trimesters and 2) weight gain from the ®rst to the third trimester equal to or above the median of weight gain in the corresponding BMI group. Both criteria had to be met for a participant to be excluded from these analyses. The analytic data set, therefore, consisted of 156 pregnant women (77% of the original study population). All exclusion criteria were established prior to data analysis.
The Mantel-Haenszel chi-square test was used to test for trend across BMI groups separately for each ordinally scaled covariate, as well as for each general food group. 29 The Fisher's exact test was applied where the expected cell number was less than ®ve. 30 The Shapiro & Wilk's Test of normality 31 was used to determine whether data on birth weight, net weight gain and energy intake were normally distributed. Values for birth weight and net weight gain were normally distributed but the distribution of energy intake was skewed. The application of a natural logarithmic transformation to energy intake produced normally distributed data.
The determinants of either net weight gain or birth weight (dependent variables) were revealed by using ANOVA models. Single factor models were used initially which contained either BMI category (low, medium, high) or one of the other covariates: age, marital status, educational status, parity status and smoking status as the independent variable. Next, multivariate ANOVA models were ®t containing all covariates. The ®nal models included the statistically signi®cant covariates. Signi®cance of statistical interactions were assessed by including multiplicative interaction terms in the model comprising the statistically signi®cant covariates.
All statistical analyses were performed using the SAS statistical software package version 6.10. 32 The general linear model procedure (PROC GLM) was used to perform all ANOVAs and to calculate adjusted means.
Results
Almost half of the pregnant women in this study were found to be in the medium BMI group (BMI 20±24, n 75). Forty of the 156 women (26%) were classi®ed as low BMI and 41 (26%) as high BMI. The highest observed BMI was 37.6 and the lowest was 16.5. Table 1 shows the characteristics of the study participants according to age group, marital status, parity, education, smoking and energy intake categories strati®ed by BMI group.
Older women were more frequently classi®ed in the high BMI group and younger women were more frequently in the low BMI group. Women in the high BMI group were more likely to have had at least one previous child compared to women in the medium and the low BMI group. The probability of being in the low energy intake category was much higher among the women of the high BMI group. No signi®cant differences across BMI groups were found for marital, educational or smoking status.
No association with BMI level was found for intake categories of low fat cheese, medium and high fat cheese, milk and milk soups, ®sh, sauces, egg, meat and sausages, soups, calorie free beverages, juice and lemonade, and alcoholic beverages, adjusted to energy intake (data not shown). High intakes of starchy food, sweets, vegetable and animal fat, however, were less frequent among high BMI women (Table 2) . Conversely, consumption of reduced fat butter and reduced fat margarine was relatively more frequent among women with high BMI.
Net weight gain during pregnancy was related to both BMI and energy intake (Table 3) . Decreased net weight gain was observed in women with high BMI (4.2 kg) in comparison to women of medium BMI (6.2 kg) and low BMI (5.9 kg). These associations did not change appreciably when adjusted for energy intake category. Equal weight gains were observed for medium and high energy intake categories, and a decreased weight gain for the low energy intake categories (unadjusted). However, when adjusting for BMI level, the P-value increased to borderline signi®cance and the mean net weight gain in the high intake category decreased slightly. The net weight gain was also somewhat higher among primigravid women than among multigravida. This association, however, disappeared upon adjustment for the other covariates.
The association between BMI group and net weight gain was not modi®ed by any of the demographic and health related variables except for parity ( Table 4) . The lower weight gain of the high BMI women was con®ned to multigravid women. In contrast, primigravid high BMI women actually gained as much or more weight than primi-and multigravid women in the low and medium BMI groups.
None of the covariates, nor BMI, were signi®cantly associated with birth weight in either unadjusted or adjusted ANOVA models (data not shown). The sole predictor for birth weight was the duration of pregnancy. Infants born at a gestational age of 35±37 weeks (n 12) had a mean birth weight of 2735 ( AE 446) g, and infants born between 37±41 weeks (n 143) had a mean birth weight of 3321 ( AE 432) g. Newborn boys (n 79) were slightly, but not statistically signi®cant, heavier than girls (n 77): 3335 ( AE 411) g and 3223 ( AE 502) g respectively. The mean birth weight among newborns of high BMI women was 3284 ( AE 485) g, of medium BMI women was 3259 ( AE 407) g and of low BMI women was 3313 ( AE 531) g. (20) 25 (33) 19 (46) a BMI (kg/m 2 ) in 1st trimester. b P-value for trend (Cochran-Mantel Haenszel chi-square). c Fisher's exact test (two-tailed). d Because of a small number, this category included three divorced women±only two of these women were without a current partner. 
Discussion
In this study, nutritional and anthropometric data were analyzed to investigate energy intake, dietary pattern and net weight gain of pregnant women as related to BMI status at the beginning of pregnancy. The results showed that energy intake, dietary pattern and net weight gain differed across BMI groups.
The recruitment procedure approached all eligible pregnant women at a certain time and did not select a particular group of women. Thus, in respect to the socio-demographic and health related covariates included in our models, our study population was typical of pregnant women in the former GDR. 20 The standardized weighed 7 d record instrument has been used in several other studies and was especially tailored to the food supply of the former GDR. 22, 33 Although the dietary record method is generally believed to provide accurate information, 34 ,35 the possibility can not be ruled out that some of the high BMI women in our study may either have changed their behavior (for example, eaten less than normal) during the recording days or under-reported their food intake. 24, 25 Weight and height of study participants were measured under standardized conditions. Because in previous studies birth weight was associated with BMI and weight gain during pregnancy net weight gain 6 from the ®rst to the third trimester, which excluded birth and placental weights, was used instead of total weight gain in the analyses.
Assignment to BMI groups in this study was based on height and weight measurements obtained in the ®rst trimester (8th to 12th week of gestation). Unfortunately, the exact data on gestational age at ®rst measurement was not available. Gestational age at ®rst measurement could theoretically have an effect on the weight gain obtained in the study. However, it is unlikely that this difference occurred systematically across BMI groups. Additionally, weight gain before 16 and after 36 weeks of gestation was found to be low in another study, 36 minimizing the potential for misclassi®cation in our study due to differences in progress of pregnancy at time of entry.
One potential weakness of this study, is that physical activity levels of the study participants were unknown and the effect of this factor on BMI, energy intakes and net weight gain cannot therefore be accounted for. Life style in those participants, however, can be expected to be relatively similar because exercising during pregnancy (other than special exercises for preparation for labour and delivery) was uncommon in the former GDR. Additionally, 98% of the women in this study were employed full time in positions that required no or low physical effort (according to self-report, data not shown).
Although the small sample size in this study limited the power of the statistical analyses, especially for testing complex statistical interactions, nonetheless, statistically signi®cant lower net weight gains were observed for the high BMI group. This result is consistent with previous ®ndings that weight gain during pregnancy was associated with BMI. 1, 4, 36 This study also found that parity affected associations between net weight gain and level of BMI. In particular, multigravid women with high BMI gained much less weight, and primigravid women with high BMI gained as much or more weight than primi-and multigravid women with medium or low BMI. This phenomenon is unlikely to be due to physiological mechanisms because the multigravid women of medium and low BMI gained as much net weight as the primigravid women. The multigravid women of high BMI might have experienced an undesirable weight retention from the previous pregnancy, and thus, avoided excess weight gain in this pregnancy. In our study population oedema was found to be more frequent among primigravid women of high BMI. Thus, the observed effect of parity and BMI on net weight gain might be biased towards no association. To our knowledge, no other study has examined the effect of parity on the associations between BMI and net weight gain. However, several studies have demonstrated independent effects of these two variables on weight gain during pregnancy. 1, 4, 36 Among the pregnant women in this study, the energy intake was not increased throughout the three trimesters. Although energy requirements are found to increase steadily from 16 weeks of gestation until term, 37, 38 researchers repeatedly observed pregnant women not increasing their energy intake as expected. 37±39 There is some evidence that this can be explained by reduction in physical activity or improved mechanical ef®ciency, respectively. 38, 39 In this study, lower energy intakes were observed among pregnant women with high BMI. We are not aware of any published reports of energy intake among pregnant women categorized by BMI; however the mean energy intake in our study population (regardless of BMI) did not differ appreciably from those reported in other studies of pregnant women. 17, 18 In addition, studies of nonpregnant women that relied on self-reported dietary information have found similarly lower energy intakes among high BMI women. 24 The low energy intake among women of high BMI in our study seems not to be generated by under-reporting, since we applied a combination of two criteria to identify and exclude obvious underreporters prior to the analysis. Also, women with lower self-reported energy intake had lower net weight gains.
As in previous studies, 17, 19 our study showed that energy intake, independent of BMI status, was related to net weight gain. The single study that did not ®nd a signi®cant association between energy intake and weight gain used a less precise dietary assessment method (one 48 h recall obtained during a structured telephone interview). 40 Because energy intake is associated with dietary habits, whether food group intake was related to BMI in the ®rst trimester was investigated. It was found that the consumption of starchy foods, sweets, reduced fat butter, reduced fat margarine, vegetable oil and animal fat differed across BMI groups. The preference or avoidance of certain food categories was formulated in connection with the concept of restrained eating. 41, 42 Although Davies and Wardle 43 reported a decreased restrained eating score for pregnant women in comparison to non-pregnant women, the lower intake of starchy foods, sweets, vegetable oil and animal fat, and the higher intake of reduced fat butter and reduced fat margarine, suggests that probably restrained eating patterns may have been present to a larger part in study participants with high BMI. Restrained eating was not measured in this study, and future studies of the effect of diet and weight gain during pregnancy on long term maternal health should include this aspect of dietary preference or avoidance.
Avoidance of excess weight and obesity is important for lowering the risk of chronic diseases such as coronary heart disease 44 or breast cancer 45 among women. Many studies have indicated that a high weight gain during pregnancy appears to contribute to overweight following pregnancy.
5,7±15 A high weight gain during pregnancy, if the woman is already overweight prior to conception, may increase the risk of a woman becoming more overweight subsequent to the pregnancy without adding any bene®t to the child. Although dieting to lose weight is never recommended during pregnancy, even for obese women, it may be bene®cial for women with a high prepregnancy BMI to gain, based on a well balanced diet, less weight relative to women with a medium or low BMI.
